Quantitative understanding of the energy transfer between fluorescent proteins connected via flexible peptide linkers.
The fusion of different protein domains via peptide linkers is a powerful, modular approach to obtain proteins with new functions. A detailed understanding of the conformational behavior of peptide linkers is important for applications such as fluorescence resonance energy transfer (FRET)-based sensor proteins and multidomain proteins involved in multivalent interactions. To investigate the conformational behavior of flexible glycine- and serine-containing peptide linkers, we constructed a series of fusion proteins of enhanced cyan and yellow fluorescent proteins (ECFP-linker-EYFP) in which the linker length was systematically varied by incorporating between 1 and 9 GGSGGS repeats. As expected, both steady-state and time-resolved fluorescence measurements showed a decrease in energy transfer with increasing linker length. The amount of energy transfer observed in these fusion proteins can be quantitatively understood by simple models that describe the flexible linker as a worm-like chain with a persistence length of 4.5 A or a Gaussian chain with a characteristic ratio of 2.3. The implications of our results for understanding the properties of FRET-based sensors and other fusion proteins with Gly/Ser linkers are discussed.